Stable isotopes of carbon (δ horizon. Above the meteorically influenced section, however, variability along individual cores is comparably low (<1.2‰). The enormous carbon and oxygen isotopic variability observed in modern shallow water carbonates as compared to fossil sections, where δ 13 C is used as stratigraphic marker, is probably a result of as yet poorly defined taphonomic and diagenetic filters, which significantly reduce isotopic variability.
INTRODUCTION
The ratio of the stable isotopes of carbon, ( 13 C and 12 C), in carbonate sediments and rocks, expressed as δ 13 C, is used in paleoceanography as a proxy for changes in production, burial and preservation of organic matter (Broecker, 1982) . Carbon isotope records are also used as a proxy for the concentration of atmospheric CO 2 through geological time. These records form a significant component of paleoclimate models that are in turn used to predict future global warming. The δ 13 C from bulk rock is also used as a stratigraphic tool (Scholle & Arthur, in the Miocene to Holocene of the Bahamas. However, δ
13
C values along their sediment cores did not correlate with the global δ 13 C trends. Apparently, there are problems with the applicability of carbon isotopes as environmental and stratigraphic proxy in shallow water depositional environments. In this study, we show the large variability of carbon and oxygen isotopes in Holocene shallow water carbonate sediments and discuss the significance of our findings with regard to the use of δ
C as paleoceanographic and stratigraphic proxy in fossil shallow water settings.
STUDY AREAS
The Belize-Yucatan carbonate platforms include Glovers Reef, Lighthouse Reef, Turneffe Lagoonal sediments are mollusk and foraminifera wackestone and packstones, as well as mudstone (Gischler, 2006) . Mudstone occurs only in Rasdhoo lagoon and most common grains >125 μm are cemented fecal pellets.
The ramp offshore Kuwait deepens more or less continuously to some 30 m over a distance of 20 km ( Figure 1 ). Isolated patch reefs occur in the inner and outer ramp. Facies belts run more or less parallel to bathymetric contours. They include nearshore ooid-skeletal grainstone and quartz sand, mid ramp mollusk grainstone and packstone, outer ramp mollusk marl wackestone and coralgal grainstone at reefs (Gischler & Lomando, 2005) .
In all samples used during this study, carbonate mineralogy is predominated by aragonite, which usually ranges from 70-90%. High magnesium calcite normally reaches 10-20% and low-magnesium calcite <10% (Gischler & Lomando, 1999 , 2005 Gischler, 2006) .
METHODS

The δ
13
C and δ
18
O values were determined on a total of 559 surface sediment samples from modern carbonate areas. These include 326 samples from the Belize-Yucatan platforms, 102
samples from the Belize barrier reef and shelf, 38 samples from two Maldivian atolls and 93 samples from the Kuwait ramp. In addition, 69 carbonate particle endmembers (coral, mollusk, algae and echinoderm fragments; ooids and peloids) were analyzed with regard to C and O isotopes. From the Belize atolls, we also measured C and O isotopes along six Holocene lagoon cores totalling 139 samples. The extensive raw data are deposited in electronic form.
Samples were reduced with a sample splitter and ground with mortar and pestle.
Ground samples were analyzed at the University of Frankfurt with a ThermoFinnigan MAT 253 mass spectrometer using the Gas Bench II (Finnigan Inc.) and at the University of Miami using an automated carousel attached to a Finnigan-MAT 251 mass spectrometer. Isotopic data are corrected using the procedures of Craig (1957) modified for a triple collector mass spectrometer. Data are quoted relative to Vienna Pee Dee Belemnite (V-PDB) according to the conventional notation. The analytical error at both laboratories is approximately 0.1‰.
Isotope data were compared to mineralogical composition, i.e., percentages of aragonite, high-magnesium calcite (HMC), low-magnesium calcite (LMC) determined using X-ray diffraction and to facies, i.e., amounts of constituent particles as quantified by point counting in thin-section.
RESULTS
Belize-Yucatan Carbonate Platforms, Caribbean Sea
Surface sediments
Carbon isotope values (δ A number of statistically significant correlations exist between carbon and oxygen isotopes and abundance of constituent grains such as coral, foraminifera, non-skeletal grains and Halimeda ( 
Kuwait Ramp, Arabian-Persian Gulf
Among surface sediment samples and constituent particle end members, δ There are statistically significant correlations between δ 13 C, δ
18
O and the abundances of almost all constituent particles, with the fine grain-size fraction and with aragonite content (Table 8 ). δ
13
C is also statistically correlated with water depth.
DISCUSSION
Patterns and comparisons
Whereas the range of bulk δ 13 C (ca. +1 to +5‰) is comparable among the sites studied, bulk explained by taxonomic differences in isotopic fractionation and also by seasonal isotopic variation within skeletons (Emiliani et al., 1978; Wefer & Berger, 1991 
Taphonomic and diagenetic filters
Our subsurface results from the Belize platforms show that major fluctuations of several permille in δ
13
C along individual Holocene sections are associated with meteoric alteration near the Pleistocene/Holocene hiatus. However, isotopic variation along individual cores above the meteorically influenced horizon were rather low (<1.2‰). Possible explanations for the latter observation include taphonomic processes such as bioturbation and early diagenetic effects.
Bioturbation by the burrowing shrimp Callianassa characterizes large parts of the lagoonal areas of the Belize platforms (Gischler & Lomando, 1999) . By building large and complex burrows in unconsolidated sediment, Callianassa is able to rework and mix sediment to depths of almost 1 m (Scoffin, 1992) . We speculate that during this process, isotopic variability is apparently reduced, as seen in the bulk of modern sediments. The fossil record of callianassids (Thalassinidean shrimps) extends back to the Jurassic (Myrow, 1995) and Callianassa-type bioturbation is known from carbonate platforms as old as Cretaceous were observed, however, shifts in trace element (strontium, magnesium) and stable isotopes of carbon and oxygen were significant. Recrystallization of modern shallow water skeletal grains from calcareous algae and foraminifera is widespread (Reid & Macintyre, 1998) and was demonstrated in the fine grain-size fraction of sediments of the Belize platforms (Gischler & Zingeler, 2002) . Few geochemical studies indicate a lowering of minor element content, e.g., strontium (Reid & Macintyre, 1998; Gischler & Zingeler, 2002) , however, it is largely unknown as yet to which degree early recrystallization processes also modify the isotopic composition of these carbonate grains.
For pre-Holocene settings, late diagenetic effects in the meteoric and burial environment have to be considered as well. Processes described include dissolution and recrystallization, neomorphism, LMC precipitation and dolomitization. In addition, lagoonal carbonate sediment can possibly get compacted and eventually develop features indicative of pressure dissolution. These processes are discussed at length in textbooks and will not be treated in detail, because this study focusses on the Holocene. Melim et al.
(2001) described a Neogene example based on the investigation of diagenesis in two cores in Great Bahama
Bank.
Significance for carbon isotope stratigraphy
The application of δ 13 C for stratigraphic correlation purposes has been applied for about a decade to ancient shallow water carbonate settings of ramps and platforms spanning the time from the Precambrian to the Tertiary (Joachimski & Buggisch, 1993; Jenkyns, 1995; Vahrenkamp, 1996; Ferreri et al., 1997; Mutti et al., 1997; Grötsch et al., 1998; Wissler et al., 2003; Saltzman et al., 2004) . In these studies, δ 
18
O from the large majority of fossil ramp and platform sections fall well within the field of isotopic variability as seen in this study and in previous studies of δ 13 C and δ
O of modern shallow water carbonate sediments (Weber, 1967; Weber & Woodhead, 1969; Land, 1989) . Following this line of argument, the isotopic variation along ancient rock sections, which is used for stratigraphic correlation, could easily be explained by changes in taxonomic composition within individual carbonateproducing organism groups or simply by facies shifts. Swart & Eberli (2005) showed that basin to bank correlations in the Miocene to Holocene of the Bahamas using δ 13 C is possible.
However, they also found that δ 13 C along their sediment cores did not correlate with the global signal of δ 13 C. Compositional variation in periplatform settings was reported to be rather the expression of varying mixtures of carbonate grains produced on the platform top, which eventually are exported and mixed with pelagic carbonate. Similar processes were probably effective in the pre-Neogene, however, the abundance and isotopic compositions of ancient platform-dwelling, carbonate-producing organisms such as corals, calcareous sponges, mollusks, foraminifera and calcareous algae, were not investigated in the abovementioned bulk rock isotope studies.
In summary, a number of effects influence δ 13 C and δ
O values of shallow water carbonate sediments. As discussed above, these include taxonomic variation, diagenesis and the fact that the majority of grains are composed of metastable aragonite and HMC.
Taphonomic effects such as bioturbation are of importance as seen in the investigated Holocene cores. Therefore, results of bulk analyses of δ 13 C and δ
O of shallow water carbonate settings should only be used very carefully and in combination with additional sedimentological and paleontological data for stratigraphic and paleoenvironmental interpretations. Still, because carbon isotope stratigraphy appears to work fairly well in the ancient, it can be speculated that taphonomy and diagenesis act as isotopic "filters", which level out isotopic variation seen in the modern time slice. These taphonomic and diagenetic filters, however, are only poorly defined and not quantified as yet.
CONCLUSIONS
• The variability of δ 13 C and δ
18
O values of sediments in modern and Holocene shallow water carbonate settings such as platforms, barrier reefs, atolls and ramps is high, i.e., there are absolute ranges of 6.9‰ for δ 13 C and 5.5‰ for δ 18 O, respectively.
• Clear spatial trends in isotopic composition of sediments were found only in the ramp setting, where carbonate facies also have characteristic isotopic compositions.
• The strongest isotopic excursions along Holocene sections are caused by diagenesis near a subaerial exposure horizon.
• The much lower range of carbon and oxygen isotopes found in fossil shallow water carbonates, e.g., in isotope stratigraphy, are presumably a consequence of taphonomic and diagenetic processes, which decrease isotopic variability.
Purdy, E.G. 
